INTRODUCTION 50 51
Olympic-distance (OD) triathlon is a multi-disciplinary sport that involves a 1500-m swim, a 52 40-km cycle and a 10-km run performed in immediate succession. Research interest in 53 triathlon has developed over recent years, with a number of review articles emerging since 54 the turn of the millennium (Millet and Vleck 2000; Bentley et al. 2002; Jeukendrup et al. 55 2005; Bentley et al. 2008; Hausswirth and Brisswalter 2008; Peeling and Landers 2009) . In 56 contrast to the relative wealth of data regarding the effect of swim and/or cycling strategies 57 on subsequent running and overall triathlon performance (Hausswirth et al. 2001; 58 Vercruyssen et al. 2002; Bernard et al. 2003; Peeling et al. 2005; Vercruyssen et al. 2005; 59 Suriano et al. 2007; Suriano and Bishop 2010) , only one study has directly examined the 60 effect of carbohydrate ingestion on OD triathlon (Millard-Stafford et al. 1990) . 61
62
In their study, Millard-Stafford et al. (1990) prescribed the co-ingestion of ~ 0.5 g·min -1 of a 63 glucose polymer and ~ 0.2 g·min -1 of fructose by means of a sports drink to a sample of 64 trained, male triathletes throughout the cycle and run sections of a simulated OD race. 65
Although there was a tendency for superior overall triathlon performance when consuming 66 the carbohydrate drink compared with the placebo, the improvement was not significant (P < 67 0.10). Considering the convincing body of evidence supporting the ergogenic benefits of 68 carbohydrate ingestion during single-discipline events (e.g. cycling or running) lasting ≥ 1 h 69 (Wright et al. 1991; Tsintzas et al. 1996; Carter et al. 2003; Temesi et al. 2011) , the lack of a 70 statistically positive effect of carbohydrate ingestion on OD triathlon performance warrants 71 further investigation. 72
The absence of a significant performance benefit identified by Millard-Stafford et al. (1990) of kicking was completed at a self-selected pace, followed by a 2-min recovery period, before 140 a 1500-m race-pace swim commenced. Participants were instructed to swim at the maximal 141 pace they could maintain within an OD triathlon (i.e., with a 40-km cycle and 10-km run to 142 follow). No time feedback was provided throughout the swim and a signal was given (by 143 submerging a kickboard beneath the water) prior to the final 100 m. The swim time was 144 recorded using a hand-held stopwatch and was subsequently used to control the swim pace 145 during the following two experimental trials.
147
The RAMP was completed 60 min after the STT in a laboratory where air temperature and 148 pressure were 20.3 ± 1.7°C and 745.6 ± 8.5 mmHg, respectively. Upon arrival, body mass 149 was measured to the nearest 0.1 kg and height was recorded to the nearest 0.1 cm using a 150 balance beam scale (Seca 700, Birmingham, UK). The handlebar and saddle positions on the 151 cycle ergometer were adjusted for individuals prior to testing and settings remained constant 152 during subsequent trials. Cycling commenced at an initial power output of 80 -120 W (based 153 on estimated individual fitness) and was maintained at 85 revs·min -1 . This cadence was 154 selected based on previous findings using triathletes (Vercruyssen et al. 2001) and was used 155 during all cycle components within the study. Table 1 . The solutions were mixed in a plastic jug using cold 186 tap water and decanted into an opaque 1-L sports bottle that was individually marked for each 187 25% dose. Participants matched their food consumption and low-intensity training load and 188 avoided alcohol the day before each trial. They arrived at the testing venue on the morning of 189 the trial having abstained from caffeine and eaten a pre-race breakfast of choice that was 190 replicated for both trials. In the CHO trial the carbohydrate (115 ± 10 g) was provided in a solution at a concentration 220 of 14.4%, which provided 808 ± 81 mL of fluid, and in the PLA trial the sugar-free, fruit-221 flavored drink was matched to taste with approximately one part concentrate to three parts 222 water. Fluid consumption was confined to the cycle section, as this has been recognized as 223 the best opportunity to feed during OD triathlon events (Jeukendrup et al. 2005) . 224 225 After every 12.5% (i.e., ~ 5 km) of the cycle duration a fingertip blood sample was collected 226 and kept on ice until the end of the trial. Immediately after each trial the blood samples were 227
analyzed for blood glucose ([GLU]) and lactate ([LAC]) concentrations using an automated 228 blood analyzer (YSI 2300 STAT plus, YSI Ltd., Fleet, UK). The HR, RPE and perceived 229 stomach upset (which was assessed using an adapted RPE scale to rate the level of 230 discomfort) were also recorded after every 12.5% of the cycle duration. At the end of the 231 cycle section participants were given a further 3-min transition period to prepare for the run. 232 233 Time and HR data were collected but concealed during the RTT and participants were 234 followed closely throughout the run by a cycling researcher providing standardized 235 encouragement. In order to avoid interference with the collection of ecologically valid 236 performance data, no further physiological measures were made during the RTT. A perceived 237 stomach upset rating was collected immediately after the RTT and a final blood sample was 238 collected 3 min into the recovery period. 239
240

Statistical Analysis 241 242
The Statistical Package for the Social Sciences (SPSS) was used to perform statistical 243 procedures and an alpha level of P < 0.05 was accepted for significance. Differences in 244
[GLU], [LAC] , HR, RPE and perceived stomach upset throughout the cycle section were 245 analyzed using a two-way (time x trial) analysis of variance (ANOVA) with repeated 246 11 measures. The Greenhouse Geisser correction was used for epsilon < 0.75, while the Huynh-247
Feldt correction was adopted for less severe asphericity (> 0.75). Normality was checked 248 using the Shapiro-Wilk test and differences between trials were localized using pair-wise 249 The poolside air temperature was 27.1 ± 1.4°C and did not differ between trials (P = 0.956). 276
Where the prescribed cycling power output could not be maintained (this occurred for two of 277 the 10 participants), the resistance was reduced and these modifications were replicated 278 during the second trial such that all participants could cycle for their calculated duration. The 279 HR, RPE and perceived stomach upset data recorded mid-way through and at the end of the 280 cycle section are displayed Table 2 . There were no differences between trials for any of the 281 three variables (P > 0.05). The [GLU] changed over time and was significantly higher in the 282 CHO trial from ~ 15 km (i.e., 37.5% of the cycle duration) compared with the PLA trial (P < 283 0.001; Fig. 1a) . The [LAC] did not change over time (P = 0.097) but was significantly higher 284 in the CHO trial compared with the PLA trial after 50.0%, 62.5% and 100.0% of the cycle 285 duration (P < 0.05; Fig. 1b) . The primary finding of this investigation is contrary to the only other study that has examined 319 carbohydrate ingestion during an OD triathlon (Millard-Stafford et al. 1990) , in which 320 performance was not significantly improved. Since Millard-Stafford et al. (1990) provided 321 carbohydrate at a rate of ~ 0.7 g·min -1 , compared with 1.8 g·min -1 in the present study, it may 322 be that the quantity of carbohydrate required to elicit statistically significant improvements in 323 performance is greater than that which has been shown to produce some degree of ergogenic 324 effect during single-discipline events. Despite the unique multi-disciplinary challenge 325 presented by triathlon, it appears that the recommendation for carbohydrate ingestion can be 326 applied as for other single-discipline endurance events. 327 328 While a high carbohydrate dose is suggested here as a potential explanation for the improved 329 run performance, this reasoning requires further specific examination to eliminate other 330 possibilities. For example, additional methodological differences exist between the present 331 study and that conducted by Millard-Stafford et al. (1990) . These include environmental 332 temperature differences (the earlier experiment was completed in the heat, at a dry bulb 333 temperature of 30.0 ± 0.6C), a mixture of sexes used within the present study and different 334 pre-trial eating strategies, whereby a breakfast of choice was used in the present study to 335 more accurately simulate race-day conditions. Although endurance exercise performed in a 336 post-prandial state appears to affect metabolic responses when compared with overnight 337 fasting, however, 10-km run time does not appear to be affected (Whitley et al. 1998 ). The 338 current study also used a standardized relative cycling intensity as opposed to a free-paced 339 cycle section. While a fixed power output was used during the cycle section to control the 340 comparison of the subsequent run performance between trials, it would be useful to 341 complement these data with future studies examining carbohydrate ingestion during a fully 342 self-paced (i.e., race-specific) OD triathlon. 343
Metabolic responses 345 346
Higher concentrations of blood glucose were expected in the CHO trial compared with the 347 PLA trial and the current results are in agreement with previous findings in relation to OD 348 triathlon (Millard-Stafford et al. 1990 ). While measurements necessary to evaluate the 349 specific derivation of substrate metabolism were not included in the current study, as it was 350 considered a priority to provide an externally valid assessment of performance, a number of 351 possibilities could explain the improved 10-km run time. The higher [GLU] following 352 carbohydrate consumption may have led to a direct increase in the rate of carbohydrate 353 oxidation by the working muscles, which has previously been shown to improve exercise 354 performance and delay the onset of fatigue (Coyle et al. 1986; Coggan and Coyle 1989) . Despite the majority of investigations recruiting male-only groups when examining the 382 effects of carbohydrate metabolism on exercise, four of the 10 participants in the present 383 study were female. Although avoidance of females is usually due to perceived difficulties 384 associated with controlling for the menstrual cycle, evidence regarding the effects of 385 menstrual phase on metabolism and performance appears equivocal (Hornum et al. 1997; 386 Hackney 1999; Bailey et al. 2000; Campbell et al. 2001) . Given that an effect of treatment 387 was observed in the female participants (i.e., a 3.7% performance improvement) reflective of 388 that observed for males (i.e., a 4.1% performance improvement), any error variance that was 389 introduced by menstrual variability appears insufficient to have masked the effect of 390 treatment in this instance. The present study has shown that a 2:1 maltodextrin:fructose solution ingested at a rate of 1.8 395 g·min -1 and mixed to a concentration of 14.4% significantly improves running performance 396 within a simulated OD triathlon when ingested throughout the cycle section. This is the first 397 study to show significant improvements in any measure of triathlon performance with 398 carbohydrate ingestion. Importantly, the relatively concentrated carbohydrate solution was 399 not associated with an increase in gastro-intestinal discomfort compared with a placebo. As 400 such, the findings of the current study advocate ingestion of 1. 
